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Description 

[DEVICE AND METHOD FOR BREAKING 
LEAKAGE CURRENT PATH] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92124836, filed September 09, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a circuit structure of a 
memory cell and a memory, more particularly to a device 
and a method for breaking leakage current path within a 
memory cell and a memory device. 

[0004] Description of the Related Art 

[0005] Traditionally, a semiconductor memory device includes a 
non-volatile memory and a volatile random access mem- 
ory (RAM). The non-volatile memory retains the stored 
data even the power applied thereto is turned off, while 
the volatile memory, such as a static random access 



memory (SRAM) and dynamic a random access memory 
(DRAM), loses the stored data when the power applied 
thereto is turned off. 

[0006] As to the volatile memory, the difference between SRAM 
and DRAM is that the storage unit of SRAM is transistors. 
Therefore, SRAM has a speed five times of that of DRAM. 
However, the cell size and cost of SRAM are higher than 
those of DRAM. Therefore, DRAM is a more popular mem- 
ory because of its smaller cell size and low cost. Because 
DRAM uses capacitors for storing data, charges stored de- 
plete gradually because of the leakage current therefrom. 
Therefore, a periodic refresh is required. Once the power 
applied thereto is turned off, the stored data will be lost. 
Even if a power is applied thereto, the stored data is grad- 
ually lost and a refresh step is required because of leak- 
age current generated therefrom. 

[0007] Basically, a memory cell of a DRAM is composed of a tran- 
sistor and a capacitor. Please referring to FIG. 1, FIG. 1 
shows a schematic drawing of a unit cell structure of a 
DRAM, wherein the logic state of a DRAM depends on 
whether charges are being stored within the capacitor or 
not. When the density level of a DRAM is high and the cell 
size of a DRAM becomes small, it is hard to avoid circuit 



short resulting from process defects. Please referring FIG. 
1, a traditional DRAM array, for example, includes mem- 
ory cells 102 and 104, as well as a sensing amplifier 106, 
wherein a defect generated during manufacturing results 
in a short of the bit-line and word-line of the memory cell 
102 at A. Therefore, a leakage current F from a power 
supply terminal VBLEQ flows through the bit-line to the 
ground terminal of the capacitor within the memory cell 
102. When the memory is in a stand-by state, the leakage 
current consumes a substantial amount of the power. The 
longer the stand-by state, the more the power is con- 
sumed. 

[0008] Generally, in order to maintain a high signal to noise (S/N) 
ratio, it is impossible to reduce the capacitance for reduc- 
ing the leakage current. The leakage current usually is 
about 300 mA at each short spot. A prior art method for 
improvement is disclosed. FIG. 2 is a circuit structure of 
an improved DRAM cell. As shown in FIG. 2, a current- 
limit device, such as a depletion mode NMOS transistor 
212 having a low threshold voltage, is connected to the 
bit-line precharger of the memory cell 102 for reducing 
leakage current. By the current-limit device, the leakage 
current can be reduced to 15 \}A at each short spot. 



[0009] However, the disadvantage of the current-limit device de- 
scribed above is that the leal<age current still exists and a 
longer time for precharge is required even though defec- 
tive memory cells in the array of memory cells are re- 
placed by redundancy cells. Moreover, the total leakage 
current is proportional to the number of the defective 
memory cells. As to the electronic devices, such as 
portable devices, for example, notebooks, the leakage 
current will substantially reduce the service life of batter- 
ies, slow the speed of memory devices, and increase the 
temperature of computers. Therefore, a device and a 

method for breaking the leakage current path is desirable. 
Summary of Invention 

[0010] The object of the present invention is to provide a device, 
a method, memory cell and a memory, wherein the leak- 
age current path is opened, and the problems of power 
consumption and rise of temperature resulting from the 
leakage current are resolved. 

[0011] In order to achieve one object of the present invention, 
the present invention discloses a device for breakingthe 
leakage current path for a memory array of a memory de- 
vice, which comprises a column selection line adapted to 
select a column of a memory cell within a memory array; a 



row selection line adapted to select a row of the memory 
cell within the memory array; and a switch device coupled 
to the memory cell, a power supply terminal, the column 
selection line and the row selection line, wherein when the 
column selection line receives a column turn-off signal 
and the row selection line receives a row turn-off signal, 
the switch device is turned off so that a power provided 
from the power supply terminal is not coupled to the 
memory cell, and when at least one of the column selec- 
tion line and the row selection line does not receive the 
column turn-off signal or the row turn-off signal, the 
power provided from the power supply terminal is coupled 
to the memory cell. 

[0012] As the device for breaking the leakage current path de- 
scribed above, the column turn-off signal and the row 
turn-off signal are controlled by a stand-by signal. 

[0013] In order to achieve one object of the present invention, 

the present invention discloses a method for breaking the 
leakage current path, which comprises first selecting a 
column in response to a memory cell within a memory ar- 
ray; then selecting a row in response to the memory cell 
within the memory array; and coupling a column turn-off 
signal to the column and a line turn-off signal to the row 



so that a power provided from a power supply terminal is 
not coupled to the memory cell, wherein when at least one 
of the column selection line and the row selection line 
does not receive at least one of the column turn-off signal 
and the row turn-off signal, , the power provided from the 
power supply terminal is coupled to the memory cell. 

[0014] As the method for breaking the leakage current path de- 
scribed above, the column turn-off signal and the row 
turn-off signal are controlled by a stand-by signal. 

[0015] In order to achieve one object of the present invention, 
the present invention discloses a memory cell, which 
comprises a column selection line adapted to select a col- 
umn of a memory cell within a memory array; a row selec- 
tion line adapted to select a row of the memory cell within 
the memory array; and a device for breaking the leakage 
current path comprising a switch device coupled to the 
memory cell, a power supply terminal, the column selec- 
tion line and the row selection line, wherein when the col- 
umn selection line receives a column turn-off signal and 
the row selection line receives a row turn-off signal, the 
switch device is turned off so that a power provided from 
the power supply terminal is not coupled to the memory 
cell, and when at least one of the column selection line 



and the row selection line does not receive at least of the 
column turn-off signal and the row turn-off signal, the 
power provided from the power supply terminal is coupled 
to the memory cell. 

[0016] As the memory device described above, the column turn- 
off signal and the row turn-off signal are controlled by a 
stand-by signal. More preferably, the memory device 
comprises a DRAM array. 

[0017] In order to make the aforementioned and other objects, 
features and advantages of the present invention under- 
standable, a preferred embodiment accompanied with fig- 
ures is described in detail hereinafter. 
Brief Description of Drawings 

[0018] FIG. 1 is a schematic circuit drawingillustrating a circuit 
structure of a prior art DRAM cell . 

[0019] FIG. 2 is a circuit drawing illustrating a circuit structure of 
an improved DRAM cell of a prior art. 

[0020] FIG. 3 is a schematic circuit drawing illustrating an exem- 
plary circuit structure of a DRAM cell in accordance with 
the present invention. 

[0021] FIG. 4 is a schematic circuit drawing showing an exem- 
plary circuit structure of a DRAM array in accordance with 
the present invention. 



[0022] f\Q 5 is a schematic circuit drawing illustrating an exem- 
plary circuit structure for generating a column selection 
signal in accordance with the present invention, 

[0023] FIG. 6 is a schematic circuit drawing illustrating an exem- 
plary circuit structure for generating a row selection signal 
in accordance with the present invention. 

[0024] FIG. 7 is a circuit waveform illustrating a signal waveform 
of a normal memory block of an exemplary embodiment 
of the present invention. 

[0025] FIG. 8 is a circuit waveform illustrating a signal waveform 

of a defective memory block of an exemplary embodiment 

of the present invention. 
Detailed Description 

[0026] Exemplary embodiments of the present invention are de- 
scribed below. These embodiments are used to describe 
the present invention, not to limit the scope thereof. The 
present invention can be applied, but not limited to, these 
embodiments. 

[0027] FIG. 3 is a schematic circuit drawing illustrating an exem- 
plary circuit structure of a memory cell within a DRAM in 
accordance with the present invention. FIG. 4 is a 
schematic circuit drawing showing an exemplary circuit 
structure of a DRAM array in accordance with the present 



invention. Please referring to FIGS. 3 and 4, in a preferred 
embodiment of the present invention, a memory array 
comprises a memory cell 302, a sensing amplifier and a 
periphery circuit 332, and a device for breaking the leak- 
age current path 304. The device for breaking the leakage 
current path 304 comprises a column selection line 306, a 
row selection line 308 and a switch device 310. The col- 
umn selection line 306 is adapted to select a column 
within a memory array 402, which can be a column select 
line (CSL) or a global column select line within the memory 
array 402. The row selection line 308 is adapted to select 
a row of the memory array 402, which can be an equal- 
ized select line (EQSEL) for selecting a specific row of the 
memory array 402 and transferring a fault-free repair sig- 
nal of a local memory block within the memory array 402. 
The switch device 310 is coupled to the memory cell 302, 
a power supply terminal 312, the column selection line 
306 and the row selection line 308, wherein the power 
supply terminal 312 is coupled to a half bit-line high volt- 
age (VBLEQ) of a memory array. The switch device 310 
controls whether a power from the power supply terminal 
312 is coupled to the array cell 302 by coupling a column 
turn-off signal to the column selection line 306 and a row 



turn-off signal to the row selection line 308. When the 
column selection line 306 receives the column turn-off 
signal and the row selection line 308 receives the row 
turn-off signal, the switch device 310 is turned off so that 
a power provided from the power supply terminal 312 is 
not coupled to the memory cell 302. When at least one of 
the column selection line 306 and the row selection line 
308 does not receive the column turn-off signal or the 
row turn-off signal, the power provided from the power 
supply terminal 312 is coupled to the memory cell 302. 
[0028] In the preferred embodiment of the present invention 
shown in FIG. 3, the switch device 310 is comprised of 
two PMOS transistors 322 and 324 or two PMOSFET tran- 
sistors. The gate terminal of the PMOS transistor 322 is 
coupled to the column selection 306, and the source and 
drain terminals are coupled to the power supply terminal 
312 and memory cell 302, respectively. When the column 
selection line 306 receives a column turn-off signal, the 
PMOS transistor 322 is turned off so that the power from 
the power supply terminal 312 is not coupled to the array 
cell 302. Similarly, the gate terminal of the PMOS transis- 
tor 324 is coupled to the row selection 308, and the 
source and drain terminals are coupled to the power sup- 



ply terminal 312 and memory cell 302, respectively. When 
the row selection line 308 receives a row turn-off signal, 
the PMOS transistor 324 is turned off so that the power 
from the power supply terminal 312 is not coupled to the 
array cell 302. Therefore, only when the column selection 
line 306 receives the column turn-off signal and the row 
selection line 308 receives the row turn-off signal, the 
switch device 310 is turned off. When one of the column 
selection line 306 and the row selection line 308 does not 
receive the column turn-off signal or the row turn-off 
signal, the switch device 310 is not turned off. 

[0029] Accordingly, when one memory cell of the memory array 
is a defective memory cell, leakage current is reduced by 
selecting the column selection line and row selection line 
in response to the memory cell so that the power of the 
power supply terminal is not coupled to the memory cell. 
For example, when the memory array is in a stand-by 
state, the power coupled to all defective memory cells is 
turned off so as to break the path of the leakage current 
generated from the defective memory cells. Therefore, the 
power consumption is substantially reduced. 

[0030] Following is a description related to how to generate the 
column turn-off signal and row turn-off signal in a pre- 



ferred embodiment of the present invention. FIGS. 5 and 6 
are scliematic circuit drawings, eacli illustrating an exem- 
plary circuit structure for generating a column selection 
signal and row selection signal, respectively, in accor- 
dance with the present invention. 

[0031] Please referring FIG. 5, a circuit block 502, for example, is 
disposed between an original selection signal CSLO and 
the column selection line 306 for controlling the original 
selection signal GSLO and generating a final column selec- 
tion signal (CSL) from a stand-by signal (STBY) and a fuse 
signal of column selection line (FSCSL), wherein the CSL is 
coupled to the column selection line 306. In FIG. 6, a cir- 
cuit block 602, for example, generates a final row selec- 
tion signal EQSEL from a stand-by signal and a fuse signal 
of EQSEL (FSEQSEL), wherein the final row selection signal 
EQSEL is coupled to the row selection line 308. The circuit 
blocks 502 and 602 are exemplary embodiment but which 
are not to be construed as limiting the scope of the 
present invention. 

[0032] For a normal good die, FSCSL and FSEQSEL are both in a 

low state no matter whether it is in an active or a stand-by 
state. Therefore, no matter whether STBY is in a high state 
which means that the memory is in an active state, or a 



low state which means that the memory is in a stand-by 
state, the output therefrom is a low state because FSCSL is 
coupled to an AND gate 504. The low state is then cou- 
pled to a NOR gate 506. For a normal memory block, the 
output of the NOR gate 506 is in a high state because the 
CSLO is in a low state no matter whether the CSLO is in an 
active or a stand-by state. Finally, the CSL is in a low state 
after the output signal is processed by an inverter 508. In 
addition, from the circuit block 602, the output of the 
NAND gate is in a high state because the FSEQSEL is cou- 
pled to a NAND gate no matter whether the STBY is in a 
high or low state. The EQSEL is in a low state after the 
output signal is processed by an inverter 606. 
[0033] In the embodiment described above, the FSCSL and FSE- 
QSEL of a normal good die both are in a low state no mat- 
ter whether it is in an active or stand-by state. Therefore, 
the CSL coupled to the column selection line 306 and the 
EQSEL coupled to the row selection line 308 are both in a 
low state, no matter whether the memory is in an active 
state which means the STBY is in a low state, or the mem- 
ory is in a stand-by state which means the STBY is in a 
high state. As shown in FIG. 7, the STBY of the memory in 
an active state is in a low state VSS; the STBY of the mem- 



ory in a stand-by state is in a liigli state VDD. Because the 
inputs coupled to tlie column selection line 306 and the 
row selection line 308 are in a low state VSS, two transis- 
tors within the switch device 310 are turned on which 
means that the memory cell 302 is selected and turned 
on. The power from the power supply terminal 312, 
therefore, is coupled the memory cell 302, and the bit- 
line (BLL) voltage of the memory cell 302 is, for example, 
VBLEQ, no matter whether the memory is in an active or a 
stand-by state. 

[0034] In contrary, in the embodiment described above, for a de- 
fective memory block the FSCSL and FSEQSEL of the de- 
fective memory block are in a high state after the memory 
is powered on, no matter whether it is in an active or 
stand-by state. Therefore, from the circuit block 502 the 
output of the AND gate 504 has the same state as the 
STBY because the FSCSL is coupled to the AND gate 504. 
When the memory is in a stand-by state, i.e. a high state, 
the output of the AND gate 504 is also in a high state. Af- 
ter the output is processed by the NOR gate 506, it is in a 
low state; the CSL is in a high state when it processed by 
the inverter 508. In addition, from the circuit block 602 
the output of the NAND gate 604 has an opposite state of 



the STBY because FSEQSEL is in a liigh state no matter 
whether it is in an active or stand-by state. The output 
signal is then processed by the inverter 606, and the 
EQSEL has a same state as the STBY. 

[0035] In the embodiment described above, the FSCSL and FSE- 
QSEL of a defective memory blocl< are in a high state, no 
matter whether it is in an active or stand-by state. There- 
fore, the CSL of the column selection line 306 and the 
EQSEL of the row selection line 308 have the same state as 
the STBY. As shown in FIG. 8, the STBY is in a low state 
when the memory is in an active state VSS; the STBY is in a 
high state when the memory is in a stand-by state VDD. In 
a stand-by state the transistors of the switch device 310 
are turned off because the signals coupled to the column 
selection line 306 and the row selection line 308 are in a 
high state VDD. Therefore, the power from the power 
supply terminal 312 is not coupled to the memory cell 
302. Moreover, the high state VDD signals coupled to the 
column selection line 306 and the row selection line 308 
are the column turn-off and row turn-off signals of the 
present invention. 

[0036] In the embodiment described above, for a specific mem- 
ory cell of a memory array, only when the column selec- 



tion line and the row selection line in response thereto are 
selected is the power from the power supply terminal not 
coupled to the memory cell. When one of the column se- 
lection line and the row selection line is not selected, the 
power from the power supply terminal is still coupled to 
the memory cell. 

[0037] Additionally, in another preferred embodiment of the 

present invention, a method for breaking the leakage cur- 
rent path is disclosed, which comprises selecting a col- 
umn 306 in response to a memory cell 302 of a memory 
array 402; selecting a row 308 in response to the memory 
cell 302 of the memory array 402; not coupling a power 
supply terminal 312 to the memory cell 302 when the col- 
umn 306 receives a column turn-off signal and the row 
308 receives a row turn-off signal, wherein when one of 
the column 306 and the row 308 does not receive the col- 
umn turn-off signal or the row turn-off signal, the power 
from the power supply terminal 312 is coupled to the 
memory cell 302. 

[0038] It is preferred that the column turn-off signal and row 
turn-off signal are controlled by a stand-by signal in the 
method for breaking the leakage current path. 

[0039] Moreover, in another preferred embodiment of the 



present invention, a memory device is disclosed. The 
memory device comprises a column selection line 306 
adapted to select a column 306 of a memory cell 302 
within a memory array 402; a row selection line 308 
adapted to select a row 308 of the memory cell 302 within 
the memory array 402; and a leakage current cutter 304, 
which comprises a switch device 310 coupled to the 
memory cell 302, a power supply terminal 312, the col- 
umn selection line 306 and the row selection line 308, 
wherein when the column selection line 306 receives a 
column turn-off signal and the row selection line 308 re- 
ceives a row turn-off signal, the switch device 310 is 
turned off so that a power provided from the power sup- 
ply terminal 312 is not coupled to the memory cell 302, 
and when at least one of the column selection line 306 
and the row selection line 308 does not receive at least 
one of the column turn-off signal and the row turn-off 
signal, the power provided from the power supply termi- 
nal 312 is coupled to the memory cell 302. 

[0040] It is preferred that the memory array 402 comprises a 
DRAM array in the memory device described above. 

[0041] From the description mentioned above, the power from 
the power supply terminal is not coupled to the memory 



cell and the leakage current therefrom is reduced by, for 
example, simultaneously selecting the column selection 
line and the row selection line in response to a defective 
memory cell in accordance with the device and the 
method for breaking the leakage current path of the 
present invention. When the memory array is in a stand- 
by state, the leakage current generated from the defective 
memory cells and power consumption are reduced by, for 
example, turning off all defective memory cells. 

[0042] From the description mentioned above, one embodiment 
of the present invention is a device and a method for 
breaking the leakage current path caused by process de- 
fects. However, the present invention is not limited 
thereto. The device and the method of the present inven- 
tion can be applied to any defective memory cells within a 
memory array by selecting a column selection line and a 
row selection line in response to a specific defective 
memory cell for breaking the leakage current path. More 
preferably, the column selection line and the row selection 
line are controlled by a stand-by signal for specifying the 
timing for breaking the leakage current path. 

[0043] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 



thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



